Background and aims: As interleukin-6 (IL-6) has an important role in general metabolism with high circulating levels in obesity and other associated diseases, the factors regulating its synthesis and release have been considered possible therapeutic targets and have recently been studied. We examined the influence of three different diets, each having a different fatty acid compositionFsaturated, monounsaturated or polyunsaturated (coconut oil, olive oil and sunflower oil diets), on IL-6 release from rat adipocytes, and the interaction between diet and other regulatory factors of IL-6 release, such as epinephrine. Methods: A group of rats was assigned to one of the three different diets, each with a significantly different concentration of saturated, monounsaturated and polyunsaturated fatty acids. Samples were taken from the omental adipose tissue for measurement of the triacylglycerol fatty acid composition of the tissues and for adipocyte isolation. IL-6 release from adipocytes was measured in vitro, under nonstimulated conditions and also with two concentrations of epinephrine in the medium. Results: Animals fed with the olive oil diet showed lower values of IL-6 release with and without epinephrine stimulation. IL-6 release from adipocytes varied according to the diet, but not according to epinephrine dose. However, a significant interaction was found between the epinephrine dose and the diet in IL-6 release regulation. Conclusions: IL-6 release from adipocytes was markedly regulated by the dietary fatty acid composition, even under epinephrine stimulation, with lower values of IL-6 release in the olive oil diet. The study also showed that epinephrine regulation of IL-6 release was related to the diet.
Introduction
Adipose tissue has a critical role in glucose homeostasis by releasing adipokines that regulate insulin sensitivity in other organs. 1 One such cytokine produced and released by adipocytes is interleukin-6 (IL-6). 2 IL-6 is a major circulating cytokine considered to be an inflammatory mediator with effects on the growth and differentiation of B cells, 3 macrophages and dendritic cells 4 and the activation of T cells. In addition to its important role in inflammation, IL-6 also has major sites of secretion and action in the adipose tissue and skeletal muscle, 5 and is closely related with both carbohydrate and lipid homeostasis metabolism. 6 Given the role of IL-6 in general metabolism, a better understanding of the regulatory mechanisms of IL-6 production may contribute to the prevention and treatment of obesity, as factors regulating its synthesis and release could be considered possible therapeutic targets. The secretion of IL-6 is regulated by several physiological or pathological factors, including hormones, cytokines, physical activity, stress, diet and hypoxia. 7 The central and hormonal regulation of IL-6 synthesis and release is well understood. In addition, the sympathetic nervous system may be an important regulator of the synthesis and release of IL-6 from adipocytes. 8 IL-6 release from cultured human adipocytes can be inhibited by glucocorticoids and induced by insulin, 9 and a short-term b-adrenergic stimulation elevates IL-6 concentrations by increased release from fat depots and muscle. 10 The influence of diet and its fatty acid composition on adipose tissue development and distribution is well known, 11, 12 as is the close relation between nutrition-and adipose tissue-associated diseases. 11, 13 However, few studies have examined the relationship between diet and the production and release of IL-6 from adipose tissue. In general, nutritional regulation of IL-6 production is still unclear. Dietary supplementation studies with eicosapentaenoic acid and docosahexaenoic acid have shown a decrease in monocyte synthesis of IL-6 in healthy subjects. 14 In other cell types preenrichment of cells with oleic acid does not activate IL-6 production, although linoleic acid and other o-6 fatty acids seem to increase IL-6 production. 15 The purpose of this study was to examine the effect of three different diets, each having a different fatty acid compositionFsaturated, monounsaturated or polyunsaturated (coconut oil, olive oil and sunflower oil diets), on IL-6 release from rat adipocytes, and the interaction between diet and other regulatory factors of IL-6 release, such as epinephrine.
Materials and method

Rats and diet
The study was undertaken with 24 male Sprague-Dawley rats with an initial weight of 100-125 g (Charles River, Barcelona, Spain); young rats were used to minimize the effects of their previous diets and because at this prepuberal stage they are more sensitive to nutritional changes. The animals were caged individually at a constant temperature and 12-h light/dark cycles, with free access to food and water. The animals were randomly assigned to three different diets for 4 weeks (eight animals per diet).
All the commercial diets (Panlab, Barcelona, Spain) were isoenergetic, containing 10% fat, 14.1% proteins and 75.9% carbohydrates. The concentration and nutrient composition of the diets was identical to diet AIN-93M, 16 with the exception of the oil used: coconut oil (Diet 1), olive oil (Diet 2) or sunflower oil (Diet 3). Thus, each diet had a significantly different concentration of saturated, monounsaturated or polyunsaturated fatty acids. Table 1 shows the fatty acid composition of each diet. The use of these animals in the experimental protocols of this study was approved by the Ethics and Clinical Research Committee of Carlos Haya Hospital.
The food consumption was calculated as the difference between that supplied over the whole study period and the amount remaining at the end of the study. The rats were weighed weekly every Friday morning.
The animals were killed by anesthesia with CO 2 between 0800 and 1000, and the samples were collected immediately. The omental adipose tissue was extracted and weighed. Different samples were taken from the omental adipose tissue: one for measurement of the tissue triacylglycerol fatty acid composition and another for adipocyte isolation. We chose the omental fat depot because it is a visceral white adipose pad and it drains into the portal vein.
Fatty acid composition
The fatty acid composition of the omental adipose tissue triglycerides was determined by total lipid extraction of the homogenized fat tissue with chloroform: methanol at a ratio of 2:1 and butylated hydroxytoluene at 0.025%, 17 IL-6 release IL-6 release from the adipocytes was studied in vitro, measured by the concentration of IL-6 released to the medium over 2 h, spontaneously and with two concentrations of epinephrine (500 and 2000 nmol l À1 ) to stimulate the IL-6 release. The same number of adipocytes were seeded Nutritional regulation of IL-6 release E García-Escobar et al in each experiment to measure the IL-6 release. The results were expressed as the concentration of IL-6 released to the culture medium, as measured by a specific commercial kit (BLK Diagnostics, Barcelona, Spain)
Statistical analysis
The data are presented as the mean and s.d. The data on IL-6 release in all conditions (baseline and stimulated) were analyzed by one-way analysis of variance (ANOVA) according to normality. Interaction between diet and epinephrine dose on IL-6 release was studied by repeated measures ANOVA. In all cases, the level of rejection of a null hypothesis was set at a ¼ 0.05 for two tails. The doseresponse studies were carried out with a w 2 -test for trend.
Results
Food intake and body weight No significant differences were observed in the food intake, weight of the animals, weight of the omental adipose tissue, or omental adipocyte volume or number according to the diet (Table 2) .
Tissue fatty acid composition
The fatty acid composition of adipose tissue triglycerides varied significantly according to the diet (Table 2 ).
IL-6 release IL-6 release from adipocytes varied according to the diet under both baseline and stimulated conditions (Figure 1 ). In the nonstimulated condition, the highest values of IL-6 release from adipocytes were found in animals fed with Diet 1 and the lowest values in animals fed with Diet 2 (Po0.001) (Figure 1) . A significant negative trend for dietary oleic acid was found in baseline IL-6 release (w 2 trend (for oleic acid) o0.05; data not shown).
In the epinephrine-stimulated condition, animals fed with Diet 1 and Diet 2 retained their levels of IL-6 release from the adipocytes, independently of the epinephrine concentration used. However, adipocytes from animals fed with Diet 3 released higher levels of IL-6 according to the epinephrine dose used (Figure 1 ).
Interaction between diet and epinephrine dose on IL-6 release Figure 1 shows that the effect of the epinephrine dose on IL-6 release regulation was not independent of the diet; in fact, a significant interaction was found between the epinephrine doses (0, 500 and 2000 nM) and the diets on IL-6 release.
Discussion
IL-6 is an important hormone involved in both carbohydrate and lipid homeostasis metabolism. 6 IL-6 is produced and released by various different tissues, including adipose tissue. The physiological importance of IL-6 release from adipocytes Table 2 . IL mean (95% confidence interval) concentrations of IL-6 release to the medium from isolated adipocytes. Twofactor ANOVA for IL-6 release: diet, Po0.001; epinephrine dose, not significant; interaction between epinephrine dose-diet, Po0.001.
Nutritional regulation of IL-6 release E García-Escobar et al remains unclear. High interstitial amounts of IL-6 in adipose tissue have been related with the inflammatory stage associated with obesity. 7 However, IL-6 may also affect fatty acid metabolism in an auto-or paracrine manner, or induce tissue insulin resistance in other peripheral organs, 22 thus demonstrating the important role of IL-6 and inflammation in the development of the metabolic syndrome.
Most previous studies proposed a nutritional regulation of IL-6 release, 15 although these studies focused on peripheral blood mononuclear cells, and what triggers the IL-6 release from adipocytes is still unclear. Our results suggest a regulatory effect of diet on nonstimulated IL-6 release, with a significantly higher value of IL-6 in the medium of adipocytes from animals fed with the most saturated diet, and a lower value for adipocytes from animals fed with the most monounsaturated diet. These data seem to support those suggesting a relation between dietary fatty acid composition and the ability of adipocytes to secrete cytokines 23 and agree with studies associating the intake of saturated or monounsaturated fatty acid with the increase or decrease, respectively, in the inflammatory state of the subject.
14 Previous authors have proposed that IL-6 release by adipocytes is stimulated by catecholamines in a dosedependent manner. 9 However, in this study, we found no significant difference in IL-6 release depending on the epinephrine dose in adipocytes from animals fed with the olive oil diet or the coconut oil diet, and an enhanced IL-6 release in an epinephrine dose-dependent manner for adipocytes from animals fed with the sunflower oil diet. These results agree with previous data because our sunflower oil diet had a very similar fatty acid composition to that of the commercial regular chow diet. 16 However, the present findings differ from most previous reports in that the latter did not distinguish between different dietary conditions in the epinephrine-stimulation experiments, whereas we did make this difference. Accordingly, our results permit speculation on the physiological significance of the adrenergic diet interaction on the IL-6 release from adipocytes that we observed in vitro.
In summary, this study shows that IL-6 release from adipocytes differs according to the diet, and suggests that epinephrine regulation of IL-6 release is also related to the diet. In view of previous observations that circulating IL-6 concentrations are elevated in obesity, 24 that adipocytes release IL-6 into the circulation, 2 and the close relation between the dietary fatty acid composition and adipocyte metabolism, 25 our results suggest that the dietary fatty acid composition may be an important regulator of IL-6 release from adipocytes, even under other regulatory conditions. This could explain the different results of previous studies on IL-6 release between in vivo and in vitro tests. 26 
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